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DETAILED ACTION 



Response to Amendment 

Claims 1,3,5-13, and 1 5-1 8 are pending. 

In view of amendment, filed on April 27, 2007 following rejections/objections are 
withdrawn for the reasons of record. 

^ Objection of claims 3 since applicants; have amended the claims to delete 

the reference numerals and claim 4 is canceled. 
^ Rejection of claims 2, 4, and 14 since applicants has deleted claims 2, 4, 
and 14. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

Claims 13, 15 are rejected under 35 U.S.C. 102(b) as being anticipated by Davis 
et al. (US 4,886,005) 

Davis et al. C005) teach an apparatus for producing a silicon carbide single 
crystal having a graphite-made growth crucible (See lines 49-50, column 5) with a low 
temperature section and a high temperature section wherein a seed crystal substrate 
formed of silicon carbide single crystal placed in the low temperature section and a 
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silicon carbide raw material placed in the high temperature section (See lines 56-68 
column 8; lines 1-12 and lines 31-38 column 9). 

Further Davis et al. ('005) teach disclose the porous graphite liner is formed in 
such a manner as to provide an annular chamber between lower portions of the porous 
graphite liner, the crucible walls and the crucible lid. A central sublimation chamber is 
also showed (See lines 55-60, column 5 and Figure 1). Therefore, the growth crucible 
has a lid and is provided therein vyith a supporter having a lower surface to which the 
seed crystal substrate is to be attached, with a space left between an upper surface of 
the supporter and the lid of the growth crucible. 

Moreover, Davis et al. ('005) discloses an outer crucible (14) disposed to 
surround the growth crucible (20), with a space left there between. (See figure 1) 

Further, Davis et al. ('005) discloses the apparatus include metered feeding. (See 
lines 33-35, column 6 and lines 62-68, column 11) 

The prior art, thus, meet all the claim limitations, and therefore, Davis et al. ('005) 
anticipate the claims 13, 15. 

Claim Rejections - 35 use § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set fprth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented 
and the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

Claim 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over Davis et 
al (US 4,866,005) in view of Hung Chi Chang et al (US 3,275,415) and further in view of 
Shiomietal (US 6,193,797) 

Davis et al ('005) teach a method for producing a silicon carbide single crystal, 
having the steps of providing a graphite-made growth crucible (See lines 49-50, column 
5) with a low temperature section and a high temperature section, and placing a seed 
crystal substrate formed of silicon carbide single crystal in the low temperature section 
of the growth crucible and placing a silicon carbide raw material in the high-temperature 
section of the growth crucible and depositing a gas sublimed from the silicon carbide 
raw material onto the seed crystal substrate to thereby grow a silicon carbide single 
crystal (See lines 56-68 column 8; lines 1-12 and lines 31-38 column 9). 

However, Davis et al ('005) does not suggest the silicon carbide single crystal is 
grown with an atmosphere gas that surrounds the growth crucible containing a silicon 
gas. 
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In the analogous art, Hung Chi Chang et al ('415) disclose a method for 
preparation of single crystals from the vapor phase of compounds that decompose 
, silicon carbide. 

Hung Chi Chang et al ('415) further disclose in a furnace of growing single 
crystals of silicon carbide, a cylindrical vessel constructed to contain a charge of 
material selected from the group consisting of at least one of the group consisting of 
silicon carbide and mixtures of silicon and carbon. (See lines 47-55, column 11). 

Hung Chi Chang et al ('415) further disclose a thin walled vessel is disposed at 
the center of a hollow cylinder wherein charge of a raw material surrounds the cylinder. 
The raw material can be silicon carbide, a mixture of elemental silicon and carbon, or 
both. Hung Chi Chang et al ('415) further teach the raw material is heated in order to 
sublime silicon and carbon or silicon carbide as a source of vapor, and silicon vapor 
surrounds the cylinder. (See lines 19-32, column 3). 

It would have been obvious for one of ordinary skill in the art to modify method of 
Davis et al. ('005) by including an atmosphere gas surrounding the growth crucible 
contains a silicon gas in order to reduce the amount of crystalline defects in the Silicon 
Carbide single crystal, as suggested by Hung Chi Chang et al ('415). 

Davis et al ('005) as modified, still does not teach vapor pressure of the silicon 
gas that surrounds the growth crucible continuously maintained to be higher than that of 
the silicon gas in the gas sublimated from the silicon carbide raw material in the growth 
crucible and that in the growth crucible maintained substantially equal to or higher than 
equilibrium vapor pressure of the silicon gas contained in the sublimated gas. 
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In the analogous art, Shiomi et al (797) teach a method of making a silicon 
carbide single crystal. Shiomi et al (797) teaches a graph, which vapor pressure of 
silicon is higher than that of SiCi or Si^C occurring during the generation of SiC. (See 
lines 33-37, column 2, and figure 5) 

Shiomi et al (797) further teaches the partial pressure of silicon is capable to be 
adjusted. (See lines 13-15, column 3) 

It would have been obvious to one of ordinary skill in this art at the time of 
applicants' invention to modify method of Davis et al ('005) by adjusting silicon gas 
vapor pressure that surrounds the growth crucible continuously maintained to be higher 
than that of the silicon gas in the gas sublimated from the silicon carbide raw material in 
the growth crucible in order to enhance the silicon carbide forming speed, as suggested 
by Shiomi et al (797). 

Claims 3, 5-10 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Davis et at (US 4,866.005) in view of Hung Chi Chang et al (US 3,275,415) and Shiomi 
et al (US 6,193,797) as applied to claim 1 and further in view of Shigeto et al. (US 
2001/0004877) 

Combined teachings of Davis et al ('005), Hung Chi Chang et al ('415), and 
Shiomi et a! ('797) disclos using an outer crucible to surround the growth crucible with a 
space left there between (See lines 47-55, column 11; Hung Chi Chang et al ('415)). 

Combined teachings of Davis et al ('005), Hung Chi Chang et al ('415), and 
Shiomi et al ('797) also teach evaporating the silicon raw material in the space to 
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thereby form a silicon gas serving as the atmosphere gas surrounding the growth 
crucible. (See lines 55-57, column 6; lines 30-34, column 7; Davis et al ('005)). 

, Combined teachings of Davis et al ('005), Hung Chi Chang et al ('41 5), and 
Shiomi et al ('797) further teach the silicon raw material is in solid form. (See lines 7-15, 
column 2) 

However, they do not teach continuously feeding a silicon raw material from 
outside irito the space. They also do not teach the silicon raw material size, feed rate, 
and the amount of gas pressure surrounding the growth crucible of SiC. 

In the analogous art, Shigeto et al ('877) teach a method for producing silicon 
carbide single crystal wherein a silicon raw material is allowed to continuously react with , 
a carbon raw material to generate gas from which a silicon carbide single crystal grows. 
(See paragraph [0003]). Shigeto et al ('877) further disclose continuously feeding a 
silicon raw material from outside into the space (See abstract and paragraph [0018]) 

Shigeto et al ('877) also discloses the silicon raw material in solid form is in a 
form of powder constituted by particles having a diameter of 0.2 mm to 5 mm. (See 
paragraph [0045]) 

Moreover, Shigeto et al ('877) teach the silicon raw material is fed at a rate of 0.1 
mg/s to 5 mg/s that partially falls in the range of 0.5 to 20 mg/second. 

Furthermore, Shigeto et al ('877) teach a position within the space to which the 
silicon raw material is fed has a temperature regulated to at least 1,900° C. (See 
paragraph [0018]) 
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Also, Shigeto et al ('877) teach production of a silicon carbide crystal can be 
carried out by setting a total pressure (which is substantially as the same as the total 
pressure (which is substantially same as the total pressure in the reaction crucible and 
the raw material) of the production apparatus from a high pressure reaction to a level 
slightly higher than the normal pressure, i.e., within the range of (0.01 to 1 ,000) x 133 
pa. especially, to efficiently generate reactive gas, (1 to 300) x 133 Pa is preferable 
(See paragraph [0052]). 

It would have been obvious to one of ordinary skill in this art at the time of 
applicant's invention modify teaching combination of Davis et al ('005), Hung Chi Chang 
et al ('415), and Shiomi et al ('797) by including a continuous feeding stage of silicon 
raw material from outside into the space between outer and growth crucible in the SiC 
production method and apparatus of Davis et al ('005) and Hung Chi Chang et al ('415) 
in order to improve efficiency, quality, and production rate of SiC. 

Claims 11 and 12 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Davis et al (US 4,866,005) in view of Hung Chi Chang et al (US 3,275,415), Shiomi 
et al (US 6,193,797) and Shigeto et al (US 2001/0004877) as applied to claims 3, 5-10, 
and further in view of Vodakov et al (US 6,428,621 ). 

Combined teachings of Davis et al (US 4,866,005), Hung Chi Chang et al (US 
3,275,415), Shiomi et al (US 6,193,797) and Shigeto et al (US 2001/0004877) disclose 
all the claim limitations of a method for producing a silicon carbide single crystal as 
discussed above, . but do not teach growth rate of the silicon carbide single crystal is 
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1 mm/hour or more, also, do not teach the silicon carbide single crystal exhibits a 
micropipe density of 10,000 w/crop/pe^/c/w^ or less. 

In the analogous art, Vodakov et a! ('621) disclose a method to produce low 
defect density silicon carbide (SiC) crystal by using a sublimation technique for growth 
of SiC crystal. (See abstract) 

Vodakov et al ('621) further disclose the axial temperature gradient, i.e., the 
gradient between the source and the growth surface, is in the range of lO'C to SO^C per 
centimeter. Yielding the desired hormal growth rate between 0.4 and 1 .5 millimeters per 
hour. (See lines 42-46, column 8). Vodakov et al ('621) further discloses a SiC material 
is provided with a low defect density, defects including both dislocations and 
micropipes. The defect density in the grown SiC is less than 10,000 per square 
centimeter, preferably less than 1000 per square centimeter, more preferably less than 
100 per square centimeter. (See lines 36-40, column 2) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of applicant's invention to modify combined teachings of Davis et al (US 
4,866,005), Hung Chi Chang et al (US 3,275,415), Shiomi et al (US 6,193,797) and 
Shigeto et al (US 2001/0004877) by determining the growth rate and micropipe density 
of SiC in silicon carbide production method in order to control the speed of the growth 
production for improve the efficiency of the method step and improye the quality of the 
silicon carbide. \ 

Allowable Subject Matter 
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Claims 16-18 are objected to as dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

The prior arts of record fails to teach or suggest an apparatus for producing a 
silicon carbide single crystal with having means for continuously feeding such as any 
screw feeding, extruding feeding, or vibration feeding apparatus to feed silicon raw 
material from outside into the space left between outer crucible and the growth crucible,' 
as defined in claim 16. The closest prior art of Davis et al (US 4,866,005), Chang et al 
(US 3,275,415), Shiomi et al (US 6,193,797), and Vodakov et al (US 6,428,621) are 
described above. These references do not teach or suggest means for continuously 
feeding a silicon raw material from outside into the space left between outer crucible 
and the growth crucible. 

Response to Arguments 

Applicant's arguments filed on 05/04/2007 have been fully considered but they 
are rendered moot in view of the new ground of rejection. 

Remarks 

Applicants amendment necessitated the new ground (s) of rejection presented in 
this office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 706.07 (a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136 (a). 



Application/ControlNumber: 10/528,556 Page 11 

Art Unit: 1722 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS fronn the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Seyed Masoud Malekzadeh whose telephone number is 
571-272-6215. The examiner can normally be reached on Monday - Friday at 
8:30 am -5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Yogendra N. Gupta can be reached on (571) 272-1316. The fax number for 
the organization where this application or proceeding is assigned is 
571-272-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for published 
application may be obtained from either Private PAIR or Public PAIR. Status information 
for unpublished applications is available through Private PAIR only. For more 
information about the, PAIR system, see http://pair-direct.uspto.qov . Should you have 
questions on access to the Private PAIR system, contact the Electronic Business 
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Center (EBC) at 866-217-9197 (toll-free). If you would like assistance form a USPTO 
Customer Service Representative or access to the automated information system, call 
800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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